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(54) SELF-DIAGNOSTIC DEVICE FOR VARIABLE VALVE TIMING CONTROL DEVICE 

(57)Abstract: 

PURPOSE: To conduct diagnoses for troubles including mechanical 
troubles in addition to electric troubles in a variable valve timing control 
device. 

CONSTITUTION: An estimated value QH&phiv; of the intake air quantily is 
calculated from the throttle valve opening TVO and the rotation speed Ne. 
Next, the deviation DLTQ of the air quantity QA detected by an air flow 
meter 9 from the estimated quantity QH&phiv; is calculated. When a 
variable valve timing control solenoid 4 is turned ON, and the amount of 
overlapping of valve timing is controlled to be large due to advancing the 
closing period of an intake valve, the system is judged to be in trouble 
when the deviation DLTQ is below a specified value A. On the other hand, 
when the solenoid 4 is in OFF-controlled state, the system is judged to be 
in trouble when the deviation DLTQ is above a specified value B. 
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Japan Patent Office is not responsible for any 
damages caused by the us of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] It is self-test equipment of the adjustable valve timing control unit which carries out adjustable control of the 
valve timing of an internal combustion engine based on the control signal outputted from a control unit. An effective- 
area product detection means to detect the effective effective-area product of the engine inhalation-of-air system by 
which adjustable control is carried out, A prediction air-content operation means to calculate the forecast of the 
inhalation air content in predetermined valve timing based on an engine rotational-speed detection means to detect an 
engine's rotational speed, and the effective-area product and engine rotational speed which are detected with each 
aforementioned detection means, An inhalation air-content detection means to detect an engine's inhalation air content, 
A self-test means to perform troubleshooting of the aforementioned adjustable valve timing control unit by 
distinguishing deflection with the forecast of the inhalation air content detected with this inhalation air-content detection 
means, and the inhalation air content calculated with the aforementioned prediction air-content operation means 
according to the aforementioned control signal, Self-test equipment of the adjustable valve timing control unit 
characterized by consisting of ******. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the technology of diagnosing in detail failure of the adjustable valve 
timing control unit which carries out adjustable control of the valve timing of an internal combustion engine according 
to a control signal, about the self-test equipment of an adjustable valve timing control unit. 
[0002] 

[Description of the Prior Art] The adjustable valve timing control unit which operates from the former the valve timing 
adjustable mechanism which switches the opening-and-closing stage of an engine's inhalation-of-air bulb according to 
an engine service condition is formed. At the time of an engine's high rotation and a heavy load, the amount of overlap 
of the open state of an inhalation-of-air bulb and an exhaust air bulb is enlarged. Raising a charging efficiency using an 
inhalation-of-air inertia force is performed ("new model explanatory (FGY 32-1)" edit issue : the Nissan Motor , Inc. 
issue years : references, such as August, 1991 ). 

[0003] With the above adjustable valve timing control units, with the control signal outputted from the control unit 
which inputs a rotation signal, an inhalation air-content signal, etc., for example, the oil pressure which operates a valve 
timing adjustable mechanism is controlled by making an adjustable valve timing control solenoid ON-OFF, the 
opening-and-closing stage of an inhalation-of-air bulb is switched, and it is controlling. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, there was a method of checking a control signal by 
incorporating in a control unit from a signal line [ near the adjustable valve timing control solenoid / transmit / the 
expected control signal / to the aforementioned adjustable valve timing control solenoid / as a method of diagnosing 
failure of the above adjustable valve timing control units ] /. 

[0005] However, in spite of outputting the control signal of ON, for example according to the method of starting The 
case where it is still an OFF state, without switching to the operating state to which the adjustable valve timing control 
solenoid balanced ON control in fact, Although the solenoid is operating normally, it cannot diagnose mechanical 
failure to which abnormalities are in a hydraulic circuit or a valve timing adjustable mechanism, and expected switch 
control is not performed. Although valve timing has not switched to an expected state in fact, when normal, it might 
incorrect-diagnose to it. 

[0006] this invention is made in view of the above-mentioned trouble, the self-test equipment which can perform the 
diagnosis also including mechanical failure in an engine's adjustable valve timing control unit is offered, and it aims at 
raising a diagnostic performance. 
[0007] 

[Means for Solving the Problem] Based on the control signal outputted from a control unit, this invention is self-test 
equipment of the adjustable valve timing control unit which carries out adjustable control of the valve timing of an 
internal combustion engine, and as shown in drawin g 1 , it is constituted. In drawing 1 , an effective-area product 
detection means detects the effective effective-area product of the engine inhalation-of-air system by which adjustable 
control is carried out, and an engine rotational-speed detection means detects an engine's rotational speed. 
[0008] And a prediction air-content operation means calculates the forecast of the inhalation air content in 
predetermined valve timing based on the effective-area product and engine rotational speed which are detected with 
each aforementioned detection means. Moreover, an inhalation air-content detection means detects an engine's 
inhalation air content. Here, a self-test means performs troubleshooting of the aforementioned adjustable valve timing 
control unit by distinguishing deflection with the forecast of the inhalation air content detected with an inhalation air- 
content detection means, and the inhalation air content calculated with the aforementioned prediction air-content 
operation means according to the aforementioned control signal. 
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[0009] 

[Function] According to this composition, an engine's inhalation air content in predetermined valve timing is predicted 
by the effective effective-area product and engine rotational speed of an inhalation-of-air system, and this prediction air 
content and the actual inhalation air content detected with an inhalation air-content detection means are measured. If 
valve timing is switched to the high inhalation efficiency side when change of inhalation efficiency is caused, for 
example, inhalation efficiency fits the switch of the aforementioned valve timing to low valve timing comparatively and 
it carries out the prediction operation of the inhalation air content, when as the same as the timing to which the actual 
inhalation air content became larger than the aforementioned amount of prediction, and valve timing fitted the 
prediction operation of an inhalation air content, the survey and the air content of an abbreviation EQC should be 
detected beforehand. 

[0010] Therefore, it can distinguish whether therefore, it actually switches whether the deflection of the inhalation air 
content and real survey which were predicted is a value corresponding to the valve timing according to the control 
signal to the valve timing according to the control signal. 
[0011] 

[Example] The example of this invention is explained below. Drawing 2 is drawing showing the example of 
composition of the adjustable valve timing control unit concerning this invention, and the internal combustion engine 
with which this adjustable valve timing control unit is applied is independently equipped with an inspired air flow path 
cam shaft and an exhaust side cam shaft, respectively. 

[0012] The adjustable valve timing control unit shown in this drawin g 2 is attached to the inspired air flow path cam 
sprocket 1 , and is constituted by the adjustable valve timing control solenoid 4 which controls supply of the oil pressure 
for the valve timing adjustable mechanism 3 which carries out adjustable control, and this valve timing adjustable 
mechanism 3 operating the phase of a crankshaft (illustration ellipsis) and the inspired air flow path cam shaft 2, and the 
control unit 5 which outputs the control signal of turning on and off to this adjustable valve timing control solenoid 4 
according to an engine's service condition. 

[0013] As the aforementioned adjustable valve timing control solenoid 4 is shown in drawing 3 and drawing 4 , in the 
state of OFF (un-energizing) of the solenoid prepared in the end face side ( drawing 3 and drawing 4 upper part side), 
the aforementioned rod 1 1 retreats to a solenoid side, and the aforementioned rod 1 1 is extended in the state of ON 
(energization) of a solenoid in the direction which separates from a solenoid. To the point of the housing 12 supported 
on the other hand so that the aforementioned rod 1 1 might be surrounded The tubed valve element 13 which is guided at 
the inner skin of this housing 12, and moves to shaft orientations is installed inside. This valve element 13 is energized 
by the coil spring 14 infixed between the housing 12 aforementioned points at the rod 1 1 side, and a valve element 13 
contacts rod 1 1 apical surface according to this energization force, by this A valve element 13 is interlocked with the 
attitude of a rod 11, and moves to shaft orientations. 

[0014] moreover, the introduction for introducing the hydraulic oil fed by the nose-of-cam side peripheral wall of the 
aforementioned housing 1 2 from the hydraulic power unit which is not illustrated in the space surrounded by housing 1 2 
inner circumference and the valve element 13 inside — opening of the hole 15 is carried out moreover — a valve element 
13 — introduction - the free passage for discharging the hydraulic oil introduced through the hole 15 to the space 
surrounded by housing 1 2 inner circumference of valve element 1 3 outside, and rod 1 1 periphery opening of the hole 
16 is carried out furthermore, the drain which attends the space surrounded by housing 12 inner circumference and rod 
1 1 periphery — opening of the hole 17 is carried out to the peripheral wall of housing 12 

[0015] in the state of OFF (un-energizing) of the adjustable valve timing control solenoid 4, a rod 1 1 retreats to a 
solenoid side here — a valve element 13 — from housing 12 nose of cam — separating — this state — the peripheral wall 
of a valve element 13, and the aforementioned introduction — a hole 15 - not interfering — a hydraulic oil - the 
aforementioned introduction - it receives and a hole 15 is introduced in housing 12 — having — the inside of housing 12 
— a free passage — a hole 16 — minding — moving — a drain — 

[0016] on the other hand in the state of ON (energization) of the adjustable valve timing control solenoid 4, a rod 1 1 is 
extended to a valve element 13 side - a valve element 13 - housing 12 nose of cam - turning ~ descending - the 
peripheral wall of a valve element 1 3 — the aforementioned introduction — since a hole 1 5 will be blockaded from the 
inside — a hydraulic oil — a drain — it will be in the state where it is not discharged through a hole 1 7 the 
aforementioned introduction - the fluid passage 1 8 which is open for free passage to a hole 1 5 — the upstream ~ the 
fluid passage of the valve timing adjustable mechanism 3 — open for free passage —**** — the OFF state of a solenoid 
4 - a hydraulic oil — the aforementioned drain — by being discharged through a hole 1 7, oil pressure does not act on the 
valve timing adjustable mechanism 3, but a solenoid 4 turns on — having — a drain — if a hole 17 is closed, oil pressure 
will act on the valve timing adjustable mechanism 3 

[0017] The aforementioned fluid passage 18 is open for free passage to the fluid passage 19 established in the cam shaft 
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2, before resulting in the aforementioned solenoid 4, and a solenoid 4 arrives at the front face of the plunger 21 of cam 
sprocket 1 built-in via the fluid passage 20 where the hydraulic oil supplied to the aforementioned fluid passage 19 was 
prepared in the cam sprocket 1 in the state where a hydraulic oil is not discharged from a solenoid 4 side by the ON 
state. And the hydraulic oil which arrived at the front face of a plunger 21 acts so that a plunger 21 may be forced on a 
cam-shaft 2 side with the oil pressure. 

[0018] Since the aforementioned plunger 21 has geared with the cam sprocket 1 and the cam shaft 2 by the helical gear 
22, if it is pushed by the aforementioned oil pressure, it moves to shaft orientations to a stopper position, rotating, and at 
this time, since the cam sprocket 1 is being fixed by the timing chain which is not illustrated, a cam-shaft 2 side will 
rotate with a plunger 21, and the relative position of the hoop direction of the cam sprocket 1 and a cam shaft 2 will 
change. 

[0019] if the control solenoid 4 is turned off on the other hand — the drain of a solenoid 4 — the force which forces the 
aforementioned plunger 21 on a cam-shaft 2 side by discharging a hydraulic oil through a hole 17 — being lost — the 
aforementioned plunger 21 — the energization force of a return spring 23 ~ it will return to the position of the origin 
which is separated from a cam-shaft 2 side thus, in the adjustable valve timing control unit of this example It is that to 
which the phase of an inspired air flow path cam is changed with operation angle regularity by changing the phase to the 
crankshaft of the inspired air flow path cam shaft 2. in this example As shown in drawing 5 (a) and (b), at the OFF state 
of a solenoid 4, the open time of an inhalation-of-air bulb is overdue, conversely, by the ON state of a solenoid 4, the 
open time of an inhalation-of-air bulb is rash, and the amount of overlap with an exhaust air bulb increases. 
[0020] Turning on and off of aforementioned SORENODO 4 is controlled by the control signal from a control unit 5, 
and makes the aforementioned solenoid 4 turn on and off according to an engine service condition, and in order to suit 
and change the opening-and-closing stage of an inhalation-of-air bulb to a service condition, the engine rotation signal 
Ne from the crank angle sensor 8 (engine rotational-speed detection means) and an air flow meter 9 (inhalation air- 
content detection means) and the engine inhalation air-content signal Q are inputted into a control unit 5. 
[002 1 ] And the control unit 5 which builds in a microcomputer calculates an engine load equivalent value from the 
aforementioned inhalation air-content signal Q and the rotation signal Ne, determines turning on and off of a solenoid 4 
with reference to the valve timing control map (refer to drawing 6 ) beforehand set up considering an engine load and 
rotation as a parameter, and outputs the on-off-control signal according to this determination to a solenoid 4. 
[0022] Furthermore, in this example, the function to perform the self-test of the adjustable valve timing control unit of 
the above-mentioned composition is prepared in the control unit 5, and in order to perform the aforementioned self-test, 
the detecting signal from the throttle sensor 10 which detects the opening TVO of an engine's throttle valve (illustration 
ellipsis) is inputted into a control unit 5. In addition, the aforementioned opening TVO is the value which represents the 
effective effective-area product of an engine inhalation-of-air system in this example, and the aforementioned throttle 
sensor 10 is equivalent to an effective-area product detection means. 

[0023] Below, the situation of the self-test in a control unit 5 is explained according to the flow chart of drawing 7 . In 
addition, in this example, as shown in the flow chart of aforementioned drawing 7 , the control unit 5 is equipped with 
the function as a prediction air-content operation means and a self-test means in software. 

[0024] It sets to the flow chart of drawin g 7 , and is Step 1 (referred to as SI all over drawing.) first. The inhalation air 
content QA detected with the air flow meter 9 in it being the same as that of the following is read. At the following step 
2, as a control signal shows drawing 5 (a) as valve timing by OFF, the closed stage of an inhalation-of-air bulb is late, 
and air-content QHphi predicted to be obtained when fixed to valve timing with the small amount of overlap of an 
inhalation-of-air bulb and an exhaust air bulb is calculated based on the engine rotational speed Ne and the throttle- 
valve opening TVO. 

[0025] At the following step 3, the air-content deflection which subtracts the actual amount QA of measurement from 
aforementioned prediction air-content QHphi, and is called for is set to DLTQ. At Step 4, it distinguishes whether 
vehicles are high-ground run states based on the detection data of for example, an atmospheric pressure sensor etc. In 
addition, the method of a high-ground judging is not limited to what uses the aforementioned atmospheric pressure 
sensor, and various well-known methods can be used for it. 

[0026] This routine is terminated as it is, without diagnosing, since the judgment precision of the air content mentioned 
later gets worse when it is a high-ground run state. In not being a high-ground run state, it progresses to Step 5 and 
distinguishes whether it is the service condition by which ON control signal is outputted to a solenoid 4. And when it is 
the conditions by which ON control signal is outputted to a solenoid 4, it progresses to Step 6 and the aforementioned 
deflection DLTQ is compared with the predetermined value A. 

[0027] Since a solenoid 4 suits valve timing with the small amount of overlap with the late closed stage of an inhalation- 
of-air bulb and is predicted in OFF, aforementioned prediction air-content QHphi actually corresponds to ON control of 
a solenoid 4 here. When the closed stage of an inhalation-of-air bulb is switched to bulb tie MIG with the early big 
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amount of overlap Many air contents should be acquired rather than aforementioned prediction air-content QHphi by 
increase of inhalation efficiency, and at the time of normal operation, the aforementioned deflection DLTQ will be 
distinguished, if larger than the predetermined value A. 

[0028] On the other hand, since the improvement effect of inhalation efficiency is not acquired in fact according to a 
switch of valve timing when failure which has become with the valve timing corresponding to the OFF control state of a 
solenoid 4 arises in spite of outputting ON control signal to the solenoid 4, the aforementioned deflection DLTQ 
becomes smaller than the predetermined value A. Therefore, when the aforementioned deflection DLTQ was smaller 
than the predetermined value A and it is distinguished at the aforementioned step 6, at least, valve timing can presume 
that it is not the timing corresponding to ON control, progresses to Step 8 in this case, and judges failure of an 
adjustable valve timing control system. 

[0029] Moreover, when it is distinguished that it is in the state where an OFF control signal is outputted to a solenoid 4 
at Step 5, it progresses to Step 7 and distinguishes whether the aforementioned deflection DLTQ is beyond the 
predetermined value B (< predetermined value A). Since the state where the OFF control signal is outputted to the 
solenoid 4 must be the same valve timing as the conditions when predicting air-content QHphi based on the throttle- 
valve opening TVO and the engine rotational speed Ne, if normal, the deflection DLTQ of prediction air-content QHphi 
and the real survey QA should serve as few amounts in error range. However, when it is the valve timing corresponding 
to ON control state, without valve timing switching corresponding to an OFF control signal, the air content beforehand 
exceeding survey QHphi will be surveyed, and the aforementioned deflection DLTQ will show the value exceeding the 
predetermined value B. 

[0030] Therefore, at Step 7, when the aforementioned deflection DLTQ exceeds the predetermined value B, what a 
certain failure has generated is presumed, it progresses to Step 8, and a system failure is judged. Thus, in this example, 
since it is the composition of diagnosing failure of an adjustable valve timing control unit by whether the air content 
corresponding to the switch state of valve timing being acquired, not only electric failure of the transfer system of a 
control signal but mechanical failure of an adjustable mechanism can be diagnosed, and a reliable diagnostic result can 
be offered. 

[003 1 ] In addition, although the control signal at that time was taken into consideration in the above-mentioned example 
in judging the deflection of a prediction air content and a real survey on the assumption that fixed valve timing when 
carrying out the prediction operation of the air content based on the throttle- valve opening TVO and the engine 
rotational speed Ne Prediction air-content QHphi which is different from the throttle- valve opening TVO and the engine 
rotational speed Ne according to ON-OFF of the control signal at that time is made to calculate, and it is good also 
considering the deflection of this prediction air-content QHphi and real survey QA being predetermined within the 
limits as a normal criteria. 

[0032] moreover — the above-mentioned example ~ an operation angle « the adjustable valve timing control unit of 
composition of changing an operation angle (the amount of lifts) with an opening-and-closing stage, although the 
opening-and-closing stage of an inhalation-of-air bulb was made adjustable while it had been fixed — you may be - 
moreover, an operation angle — it is clear that it is not what is limited to the above-mentioned adjustable mechanism 
even if it is the case where valve timing is changed while it has been fixed 
[0033] 

[Effect of the Invention] In the adjustable valve timing control unit which carries out adjustable control of the valve 
timing of an internal combustion engine based on the control signal outputted from a control unit according to this 
invention as explained above By distinguishing the deflection of the air content and real survey by which a prediction 
operation is carried out from a service condition according to the control signal at that time Since it diagnosed whether 
valve timing would actually be switched according to the control signal It can diagnose also about mechanical failure of 
a valve timing controlling mechanism besides electric failure of a control signal output system, and is effective in the 
ability to offer a reliable diagnostic result now. 
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